sk

Frovre 27,  Effect of testing conditions on structure of copper inilially as annealed.

Longitudinal sections etched in 8.6 parts glacig] acetie ackd and 4.5 parts nitrie acid (eane.), and 2 parts absolute aleohol, X750,

Test
e =
| [ Remarks
Tempera- Strain
Lure rate
o 1,000 hr
i ano | a6 4 | Strocture near axls of speelmen 0,10 in, from position of eomplele fractare,
By, . a0 B3 Do,
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Purification, Purity, and Freezing Points of Twenty-Nine
Hydrocarbons of the API-Standard and API-NBS Series’

By Anton J. Streiff,** Laurel F. Soule,” Charlotte M. Kennedy,* M. Elizabeth Janes,** Vincent
A. Sedlak,” Charles B. Willingham,* and Frederick D. Rossini*

This report deseribes the purification and determination of freezing points and purity
of the following 29 hydrocarbons of the API-Standard and API-NBS series: 2,2.4,6,(-
pentamethylheptane; 1,1,2-trimethyleyelopropane; eis-2-hexene; eds-3-hexene; 2-methyl-1-
pentene; 4-methyl-l1-pentene; 3-methyl-trans-2-pentene; 4=methyl-cis-2-pentene; 4=methyl
trang-2-pentene; 4 4-dimethyl-1-pentene; 4,4-dimethyl-frans-2-pentene; 2,3, 3-trimethiyl-1-
butene; trans-4-octene; l-nonene; l-decene; l-undecene; 1 3-butadiene;l,2-pentadiene;
1,eis-d-pentadiene; 1 trans-3-pentadiene; 1,4-pentadiene; 2,3-pentadiene; 2-methyl-1,3-buta-
diene (isoprene); 1A-hexadiene; 2,3-dimethyi-1,3-butadiene; 4-ethenyl-1-eyelohexene-
(4-vinyl-1-gvelohexene) ; eis-decahydronaphthalene; trans-decahydronaphthalene; 2,3-dihy-
droindene (indan).

1 This Investigation was performed at the Natlonal Bureau of Standards us part of the work of the Ameriean Petroleum Institute Research Project 6 on the Anal-
ysis, Puritication, and Properties of Hydrocar ]
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1. Introduction

Previous reports described the purification and
determination of freezing points and purity of 114
hydroearbon compounds of the API-Standard and
API-NBS scries, which were produced as part of the
cooperative program on standard samples of hydro-
carbons of the %ational Bureau of Standards and
the American Petroleum Institute [1,2,3,4,5].5

This report describes the purification and determi-
nation of freezing peints and purity of an additional
29 hydrocarbons comprising 14 monoolefins, 9 dicle-
fins, 2,24,6,6-pentamethylheptane, 1,1,2-trimethyl-
cyclopropane, 4-ethenyl-1-cyclohexene (4-vinyl-1-
eyclohexene), cis-decahydronaphthalene, trans-deca-
hydronaphthalene, and 2,3-dihydroindene (indan).

The final lots of the material labeled API-Standard
are sealed “in vacuum’ in glass ampoules and made
available as NBS standard samples of hydrocarbons,
by the American Petroleum Institute and the
National Bureau of Standards. The material labeled
API-NBS is made available in appropriate small
lots, through the American Petroleum Institute
Research Project 44, on loan to qualified investigators
for the messurement of properties.

II. Materials ¢

The starting materials were supplied as follows:
By the API Research Project 45 on the “Synthesis
and Properties of Hydrocarbons of Low Molecular
* Figures in brackets indicate the litorature references at the end of this paper.

¢ The naming gf the ¢f¢ and frans isomers of the olefins listad belpw i3 degeribed
by Epstein and Rossini, Chem. Eng. News 26, 2059 (1048).

Weight”’ at the Ohio State University, Columbus,
Ohio, under the supervision of C. E. Boord: 1,1,2-
trimethyleyclopropane; eis-2-hexene; e¢is-3-hexene;
4-methyl-1-pentene; 3-methyl-trans-2-pentene; 4,4-
dimethyl-1-pentene; 4,4-dimethyl-trans-2-pentene;
trans-4-octene; 1-nonene; l-undecene; 1,4-pentadiene;
2,3-dihydroindene (indan).

By the Hydrocarbon Laboratory at the Pennsyl-
vania State College, State College, Pa., underthe
gupervision of F. C, Whitmore: 1,2-pentadiene; 2,3-
pentadiene; 1,5-hexadiene; 2,3-dimethyl-1,3-
butadiene.

By the Anglo-Iranian Oil Co., Ltd., Research
Station, Sunbury-on-Thames, Eng., through S. F.
Birch: 2,2,4,8,6-pentamethylheptane.

By the General Motors Corporation Research
Laboratories, Detroit, Mich., through T. A. Boyd and
W. G. Lovell: 2,3,3-trimethyl-1-butene.

By the Phillips Petroleum Co., Bartlesville, Okla.,
through F. E. Frey: 1,3-butadiene.

By the Office of Rubber Reserve, Washington,
D. C.: 1,¢is-3-pentadiene; 1 trans-3-pentadiene.

By purchase: 2-methyl-1-pentene; 4-methyl-cis-
2-pentene; 4-methyl-frans-2-pentenc; 1-decene; 2-
methyl-1,3-butadiene (isoprene); 4-cthenyl-1-cyclo-
hexene (4-vinyl-1-cyclohexene); eis-decahydronaph-
thalene; trans-decahydronaphthalene.

Teable 1 summarizes the amounts of the starting
materials and gives some additional information as to
the source and purity of each.

TasLe 1. Information on the purification of 28 API-Standard and API-NBS hydrocarbons

HEydrocarbon

: P Volume of
charped for dis- Distillgtion b
villation zelected semple
Lahoratory & pro- Amount - -
Compound viding starting of hydro-i Dis- mngf Refi Rate Resul
mterial Val- Asotrore- | SRR | YUDE | thee | BN of ol \TERIE) opp | ypr
ume FPurity Kind = forming AZe0- amn retical a lection in Stand-| NBB
substunce 8 ) A%eC " | platest | 2D ot dis- | |t
opic numh (ap- FTOX.) . tillate #UrE ar
‘f;’;éﬂ: ber® | prex) :
Lijers mifhour mi mi
2,%5,6—Penmmethy1hepv Anglo-Iranian____ %gg BA 21,028 %%H 12. % b O Y IR,
€ 2 4.5 2 N I
3.75 1254 200 16071 4.5 3 1,330 355
L,1,2-Trimethyleyclo- | APIRP45. _____ _ |f3.73 12A 200 | 16041 4.5 L ) R
propane 0.63 130 145{1 BB 3 I 300
ciz-2-Hexene _____________.. APIRP4S . __. '.;. ;1 4 % lggﬁ 4.5 g ................
. BB 4 1 4,5 BE0 155
eis-3-Hexene_______________. APIRP45 _______ g % {gi % %ﬁ g g g ................
1.43 4 200 | 200/ 2.0 0 a0 | i
FMEBYLLPOnLEND: .. APIRPO - 1 el in| 18| B Tim| s
ig, - r
4-Methyl-1-pentene.____.__. APIRP4G. _____.. ’_‘4.% . lgA % i;gﬁ i.g ﬁ T N i
3-Methylfrans-3pentene_..| APIRP4S_ . ... 2;2 it - N % }ﬁﬁ ig 15 AR R
L8 124 200 | 16071 4.5 17| w19
4-Methyl-vis-2-pentene. .. __| APIRGe. _________ igﬂ _ }gA ;(3)8 légil 8.5 lg T e
! . 16041 4.5 1 1,360
+Methylfrans-2-pentenc. | APIR6«_ ... _..__ l%% Reg- EA ;gg lgﬁ 8.5 ;g ________________
- R 1 4.5 [ R
1.66 | 955 20,00 | Azeo____| Ethanol___ 86 3A 200 160f1 4,5 n 770 200

Bea footnotes at end of tuble
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TasLg 1. Information on the purification of 29 API-Siandard and API-NBS hydrocarbons—Continued

Hydrocarbon Valume of
charged for dis- Distillation b
tillation selected sample
Laboratory » pro- Amount . _
comonna | bt A g [ e
Imaterial Azeptrope- | SaFbon | tilling | P 7 | Reflux | Sror | Resalis
Vol | purit Kind ¢ | “Toob® | inthe | col- | oo | Tatiob | 200" (plotted| API| API-
wme ¥ substzmc%,d AZE0- - | Lmn lates b (ap- of dis- in Stand-| NBES
trople | num- D(a prox.) | (oRe | fgure | ard
distil- | ber b 1’*)
late . Drox.
on by
Liters |  Mole % wolitme mifhour
4,4-Dimethyl-1-pentone_____ APIRP4S, .. .. 6.90 | 99.34 x0.12 5 125 125{1 12,5
. 308 1 99.79 008 114 200 16041 4.5
4.%;Illjlmethyl-tmm-2lpen- APIRP45 ... 4,08 | 09,43 0.06 124 200 [ 16001 4%
B
%,3.3-Trimethyl-1-butene_.._| General Motors..| 1600 | §8.64 £0.12 & 125 1 12601 12.5
6.20 | 90.93 +0.04 114 200 16071 4.5
grans-4-Octene. .. .. ___ APIRP4S _______. 4.66 | 0.8 0.2 34 200 | 16041 45
1-Nonene_..________________ AFIRP45 . . _.__ 2 8 | 9850 -0, 24 4 200 18071 45
2.06 | 99.70 £0.18 2A 20 160/1 4.5
1-Devene_ _oo.oooooooo_. APIRPGe ____. __ 1200 | .. § 125 | 12511 12.5
5.65 | 89. 76 £0.07 124 200 160/1 4.5
1-Undeestte. ..o .. ___ APIBRP45. ..., 4 10 | 98.71 +0.08 13 130 14871 8.5
1.3-Butadjene.. Phillips. _ 2.90 | 99.83 10.06 1A 150 | 1201 | 225
1.2-Pentadiene. Penn State_ 1.86 | 857 0.3 11A 200 180/1 4.0
1.cig-3-Pentadi Rubber Reacrve...| ! 5.10 9 135 | 18571 4.0
md 57 |. 4 200 16071 45
Lirans-3-Pentadlene. . _.._._ Rubber Reserve._.] 15,10 9 136 | 18571 4.0
=4 30 4 200 160/1 4.5
1.4-Pentadiene ..., APIRP45_ .. 208 1A 150 [ 170/1 L&
2,3-Pentadiene.___._________ Penn State. 2 60 9 135 18511 4.0
2-Methyi-1,3-butadiene(iso- | APIRPH . _ __ __ kg 0 13 130 145/t & &
Prene)- i4.16 24 200 16041 4.5
1,5-Hexadiene. _______.__..| Penn State____. ___ 1.94 13 130 1 14571 83
2,3-Dirmnethyi-1,3-botadiene | Penn State. .. 2.30 4 200 160/1 4.5
4-Ethenyl-l-cyeclchoxene .| APIRPGo.___.._. » 5 80 14 125§ 12411 12.5 - % IR
{4-Vinyl-1-cyelchexena), a5 80 4 200 ] 1801 4.5 45 | 1,750 490
cis-Txecahydronaphthalene | APIRPS . ___.____ "5 30 Reg - .. $ FERPRR (R, 7 130 1451 85 48 | |e_..
t 5, 30 Reg___ A 200 16001 4.5 47 | L, 100 300
trens-Decahydronaphtha. | APIRPST .. ___ +5.30 7 130 1450 8.5 ||l
lene t 5,12 11A 200 16071 4.5 48 | 1,180 70
2,3-Dihydroindene (Indan).| APIRP4S. . ___ N T — 12 135 | 18871 4.0 .5 2N PO R
2,25 [ §0.67 0.4 154 200 160{1 4.8 50 | 1,060 200
I B
= The ahbreviations represent the following laboratories APTRP45, Ameriean 1 One of two ¢harges of similar material, one of which was 6.2 lters, and the
Petroleum Institnte Researeh Project 45 at the Ohic State University, Columbus, other of which was 16.0 litera. Both 4-methyl-cis-2-pentene and 4-met§1y]-tmna—
Ohio. Penn State; Hydrocarhon Laboratory, Pennsylvania State College,  2-pentene were obtalned from this raterial (see fig. 1R).
State Collego, Pa. Angle-Tranian; lo-Iranian Qil Co., Eesearch Labora- This charge consisted ¢f material havin: wubstam.ml{ the same composition
tories, Sunbury-on-Thames, England, General Motaors; General Motors Cor=  from each of the two previous distillations {seo footnote §).
%)ratfon, Detrait, Mich. Philli w: Phillips Petroleum Co., Bartlesville, Okla. 1 One of two similar charges,  Both 1,245-2-pentadienc and Irens-3-pentadiens
ubber Reserve: Office nf Rubber Reserve, Washington, . C. APIRPS;  were obtalped from this matorial (see fig. 35

American Petroleum Institute Research Project 6 at the Nutiomal Burcau of
Standards, Washington, D. C

b See Reference [6] for fariher detalls,
© The abhreviations ara: Azeo,, azeotronic; Reg,, regular.
d Tha sbbreviations are: Me. Carb. methyl Carhitol (diethylene glycol mono-

methyl ether); Cell,, Cellosolve {etbylene glyeol meonoethy! ether).

= Approximate value obtained from the actilal volume of hydrocarbon recovered
by extracting the azectrope-forming substanee with water in separatory funnels.

f After 28 days of distillation of this materisl, the remsining hydroesrbon was
converted to higher boflleg lsomers, and approximately 20% of the charge was
not recoverable ag 1,1,2-trimethyleyclobropans

= Obtalned by purchase of commereially avallable material from the Connacti-
out Hard Robber Co., New Haven, Conn.

b Qe of two similar charges.

£ Thig ch consisted of materfal having subatantially the same compogition
from each of the two previens distillaticns {see footnote h),

III. Purification

The procedures followed in the process of purifica-
tion and determination of purity were the same as
those described in the previous reports [2, 3, 4, 5{.

In addition to the name of the laboratory supply-
ing the starting materials, table 1 and its footnotes

S0008E—a0——ti

iN

= Thig charge consisted of material having snbatantlally the same composition
from gach of the two previous dlstillations (see footnote I).

& Ohbtained by purchese of commercially available materlal from Newport
Indystrigs. Ine., Ponsacola, Fla.

# Obtained by purchese of commercially available material from Koppers
Co., Tne., Plitshurgh, Pa.

® One of three aimilar charges.

9 ‘This charge consisted of material having snbstantially the same composition
from each of the three provious distillations {see footnote k).

¢ Obtained by purchase of commercially available material from the Eastman

dak Co,, Rochester, N. Y.

* One of thres similar charges. Both cit- and Zrens-decabhydronaphthalene were
obtained from this materiyl (see fig, 46).

t This charge consisted of material having substantially the same composition
from each of the three previous distillatlons (see footnote s},

give complete information for each distillation for
each of the compounds.

Details of the distillation apparatus and operations
are described .in reference [6].

Figures 1 to 50 inclusive show graphically the
results of the distillation operations listed in table 1.
These figures give each of the following properties .
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as a function of volume of hydrocarbon distillate: the
refractive index {(np at 25° C, to £0.0001), the boil-
ing point of the distillate (at the controlled pressure
of 726 mm Hg, to +0.01° C}, the freezing point of
selected fractions of hydrocarbon distillate (in air
at 1 atm, usually with a precision near -£0.003° C},
and the purity of the hydrocarbon distillate. The
Ietters W, X, Y, and Z, indieate the disposition of the
material as follows: W, returned to the laboratory
supplying the material; X, blended for redistillation;
Y, used for the API-Standard material; and Z, used
for the API-NBS material.

As demonstrated in the previous reports [2, 3, 4, 5],
the blending of fractions of distillate for the prepara-
tion of material of the highest purity can be donc
safely only on the basis 'of the freezing points of
selected fractions. .

IV. Freezing Points, Cryoscopic Conétants,
and Purity

Table 2 gives the following information for each of
the 29 compounds, except as otherwise indicated:
The kind of time-temperature curves, whether freez-
ing or melting, used to determine the freezing point
[7]g; the freezing point of the actual sample, in air at
1 gtm [7], for both the API-Standard and API-NBS
lots; the celculated value of the freezing point for
zero impurity [7]; the value of the cryoscopic con-
stant, determined from the lowering of the freezing
point on the addition of a known amount of a suitable
impurity [7]; and the resulting calculated smount of
impurity in the API-Standard and API-NBS
madterial. '

TarLE 2. Freezing poinis and purity of 29 API-Standard and API-NBS hydrocarbons
Kind of time-| Freezing polnt of the ae- Caleclated amotnt of im-
temperature tuizal selacted sample in purity in the actpal
. . ohservatlons air at 1atm Freezing point for | Cryoscople seleeted sample b
Compound used to zero impurity in | constant »
. determine airat 1atm A
the freezing API- APIL- . ATI- API-
poing & Standard NB8 Standard NES
Mole frac-
o RS i tionfdey Mole %, Mole T
2,2,4,8 6-Pentamethylheptane, . ___________________ M —66. DaY — 68, Ba7 —66. 92 +0.03 0. 0128 006 0. 04 .08 0.4
1,1,2-Trimethyleyelopropane_ . oo ooiooeroamoaao M mmemae —138. 200 |—138. 180 30020 B .. .12 +0.08
[y Tt o ] R M =141 170 =141 148 |—141.135 0. 020 . 0585 020 40,12 08 005
cig-3-Hexenme______ .o e eieiieececwnccaaaneoo F —137. 848 —137.83% [—137.820 40.020 L0522 .13 =0.08 .10 ==0.08
2Methyl-I-pentene . M ~-135. 803 —135. 781 —135. 760 0. 02} L0440 18 0.0 14 20,08
4 Methyl-1-pentene o . i iiiii e F —153.69(I)[ —155. 68(I)| —153. 63 0. 04T} .03 .18 +0.12 .15 +0.12
—=154.00 0041}

3-Methyl-trens-2-pentene.. .. _________ M —134 872 —134, 866 |—134. 840 0. 020 L0425 40,09 A1 0,69
4-Methyl-cle-2-pentene_ . . ________. M =134 H47 —134. 48 | —134. 430 L0.015 L1481 .08 2£0.07 07 £0.07
4+ Methyl-trans-2-pentent. . ..o _______ M —140), S0} —140, 826 | —140. 810 20,015 L0404 .25 0,07 08 0,07
4,4-Dimethyl-l-pentene ... Fand M —136. 635 —138. 635 | —136, 600 0. 020 .M17 .15 £0.08 .15 4008
4,4+ Dimethyl-trens-2-pentene . ____________ M —115, 263 —115, 262 (—118. 235 -0, 010 . 0327 B 0,03 .08 30,03
2,3,3-Trimethyl-1-butene______________________________._ F —110.010 =100 954 | —100.85 0.10 . 00367 06 0,04 .06 +=0.04
trens-4-Oclene.. M —93. 838 —03.838 | —93. 810 20.020 . 0571 16 0011 L6 0 11
M —81. 41 —81, 41 —81.37 0.03 .05 L24 £0.18% .34 =£0. 18
F - 66, 320 —66. 326 | —66. 310 4-0. 020 L0594 W11 40007 LB 0,07
F —~40. 206 —40. 206 | —49, 185 10,020 L0421 .00 =£0.08 .00 0. 08
F —108, 93¢ —108. 937 [—108, 915 0. 010 4, 03560 L8 004 08 20,04
M —137. 326 —137.301 |—137.268 23-0.03 L0512 .34 4-0.15 .21 +0.15
F —140, 844} —140. 836 | —140. 820 0, 010 L0414 08 0,04 AT £0.04
¥ —&87. 501 —B7.483 | —B7. 470 40.010 . 0264 .08 003 .03 £0.03
1,4 Pentadiene. ... M —148. 288 — 148 287 | —148. 275 40.010 . 0521 07 0,05 [ .06 20,05
23-Pentadlene_______________ e iemeliiaa M —125. 690 —125. 680 | —126. 650 0. (20 . 0384 .16 ==0.07 11 ==0.07
2 Mathyl-1,3-butadiene (Isoprene)_ . ______ M —145, 962 —145, 962 | —145. 950 0. 020 4, 0320 L 003 L4 20,03
1,6-Hexadiene_ __________________...___ M —144. 702 —140. 698 |—140. 680 0. 014 . 0505 11 =+=0.08 .09 0. 08
2,3-DMmethyl-1,3-hatadiene. . ______________ M =768, 026 —76.020 | —78.005 £0.010 . 0274 06 +0.03 .04 4-0.03
4-Ethenyl-1-cyclobexene (4 Vinyl-1-eyclohexene) M —108. 748 —108. 745 |—108. 720 0. (20 L0367 10 ==0.07 08 =0 07
cig-Decahydronaphthalene .. ___ M —43, (70 —43. (48 | —43.01 +0.03 . 0180 11 0. 05 07 40,05
trens-Dacabydronaphthalene - M —30. 415 —30. 410 | —30. 400 +0.015 . 0291 04 =£0.03 03 +0.03
2,3-Dihydroindene (Indan} . o ..ciomnomciamiaam e F —51, 430 —51.410 | —51. 400 0,010 L0204 06 +0.02 02 30,02

2 F indicates freezing, and M indleatcs melting. Sec referenee [7) for
experimental detalls and the definition of the cryoscopic constant.

b The values in this eolurnn were caleulated as described in reference [7],
using the values of the gryoscopic constants and freezing points for zere
impurity given in the preceeding columna,

< This hydrocarbon has more than one crystalline form. The two forms
indicated are labeled I and II in order of decreesing temperature of fusion (or

Grateful acknowledgment is made to the organiza-
tions and individuals listed in section Il of this
report for their contributions of materials.
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Froore 22,  First distillation of 4,4-dimelhyl-1-pentene.
Regnlar distillation st 725 mm Hg in still 5 (8/19/47 to 10/20/47).
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Fioure 23. Secornd and final distillafion of 4.4-

dimethyl-1-peniene.

Regular digtillation at 725 mm Hg in still 114 (10/30/47 to

12/1/47).
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Regalar distillation at 725 mm Hg in still 124 (1/19/49 to 3/0/49).
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Figuae 25, First distillation of 2,3,3-trimethyl-1-bulene.
Regular distillation at 728 mm Hg in still 6 (8/22/47 o 10/20/47).
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T1aURE 28. Second and final distillation of 2,3,5-trimethyl-1-butene.
Reguiar distiistion at 725 mm Hg in still 11A (12/3/47 to Z/4/48).
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Figure 30. First distillation of I-decene.
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Regular distillation at 725 mm He in still 6 {52347 to T/7/47).
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Fieumre 31. Second and final distillation of I-decene.
Regular distillation at 725 mm Hg in still 124 (10/27/47 to 1/12/48}.
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Ficure 32. First and only distillation of I-undecene.
Regular distillation at 725 mm Hg in stll 13 (4/20/48 to 5/12/48).
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FicuRE 33. First and only distillation of 1,3-buladiene.
Regular distillation at 1 stm in. still 1A (10/8/47 to 11/28/47).
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Fioure 34, First and only distiilation

of 1,2-pentadiene.

Regular distillation at 725 mm Hg in still 11A

(7/14/48 to 8/3/48).
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First distillation of 1,3-penladiene (cia+trans).

Ropuler distillation at 725 mm Hg in 55ill 9 gm 4148 t.o 7!6,’-13 One of two sim-
Ses footnote 1 of table 1.

to 157 were redistilled to
eo fig. 37), and Iraetions 158 to 280 were redistilled
eo fig. 36).

PURITY IN MOLE PERCENT (:0.04)

Fioure 36, Second and final distillation of
1,cis-3-peniadiene.

zeotropie distillation with methanot at 725 mm Hgin

stlll 4 (9!30!18 o 11,’23,’&8) Bee footnote m of table 1.
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Figore 37, Second and final distillation of 1 trans-S-pentadiene.

Azeotropie distiflation with methanol at 725 mm Hg in atill 4 (8{11/48 to 9/28/48),
Bee fooinote m of table 1.
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Figrre 38. Firsl and only distillation of 1,4-

penladiene.

10/4/45

eg;.l]ar distillation at 7256 min Hg in still 1A(8/25/48 to
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Ficure 39. First and only distillation of 2,3-

penladiene,

Regular distillation at 725 mm Hg in still 9(7/8/48 to 8/3/48).

FUR'TY W WMOLE PERGENT [:0.07)



PEACENT &Y YOLUME

k 20 20 L3 &0 '_|_°° PERCENT BY VOLLME
' T ! i f T_ I T T [+] 20 a9 EC ag 190
| T T v T 1T 11 g
- = - o
14398 FREEING FONT~cPURITY 106.00 » | E
14500 [- -~ . | dosne 3 z =4
N / \ a = -140.68 : FREEDNG FONT - PLRITY 1: 190.00 §
.z -146.05 [~ \ | J sa00 2 § 14070 ——— T —s39p U
z 80 o [~ 3
= "MHe.D - f | s g H40.72 'y‘/ | - BRAG ‘L’
= = — - (=]
§ 485 [~ 'I' A‘ i Eia ] B aapze |- |—99.7o g
& z
£ szl [ PP 4 b N
7] -T- x | E
¥ g2 f | Josoo = H
r P
sk R T B N
-146.35 |- i ! 50 & srsof =
[ — se. Y |
33.00 — _ .
BORLING FOMT-~, ;
32.50 - | - © |
o ool f n ‘ﬂ Laoza |- REFRACTIVE INDEX~, I_
. = = .
= 50 ™~y ~ o 14000 NUMEER OF FRACTIGRS W
8 | El £ anzs O E
- 3o 3 51 635 -2z | |ss-5 2
] ]g b ¥ | 2|t = W | B
30.50 q — | 2
z
08 l o 1 1 | L';
2030 — | — o 1300 2000
YOLUME 1N ML,
14200 |- REFRACTIVE (NDEX~, | |
14150 = | S Figurs 42, First and only distilla-
14100 [~ . tion of 1,6-hexadiene.
S s0m ] Regular distfllation at 725 mm Hg in still
s | 13(LIFT/47 to 11/25/47).
: 14000 | —4
£ 13950 _ PERGERT B VOLLME
20 40 &0 1] [xs]
13300 I — T 1T 1T 17T T 17T |
13850 b £
- TR0 FREEZING POINT~-PURIT ¥ | —wo.co ;
. [ - ¥ orenzl- fS— — = —lggen
: £ rposi - | _ z
— E - wman 4
HUwGER OF FRAGTING I § FeoEf- 7 /{ —mes §
w CTHAB —FRED
i e L "1“ | £ reiop / H I kcac] é
I I I E -?e.uz—f a§| —1#a70 =2
1 _L_ | _L_ 1 _L_ 1 i 1 ] L1 7814 T
3 [ 2000 3000 4000 3000 6000 H | ]
VOLUME N ML
. AT ogt . . @
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Frcure 44. First distillation of 4-ethenyi-1-cycloherene (4-vinyl-1-cyclohexene).

Regulsr distillation at 725 mm Hg in still 14(12/2/47 to 12/23/47). One of] three similar distillatlons.
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FioURe 45. Second and final distillation of 4-ethenyl-I-cyclohexene ({-vinyl-1-

eyclohexene),

Regular distillation at 7256 mm Hg in still 4(5/3/48 to 6/28/48). Bee footnote q of table 1,
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Ficure 46. First distillation of deca-
hydronaphthalene (cis-+trans),

Reguler distlllstion at 725 mm Hg in still
?(121’22{47 to 1/21/48), One of three similar distil-
lations. Bee footnete s of table 1. Fractlons 10
to €3 were redistilled to obtain frans-decahydro-
naphthalene (see flg. 48), and frantlons 74 to 129
wore redistilled to obtain eis-decahydronaphtha-
1rme {(see fig. 47).

Frcure 47. Second ond final distil-
lation of cis-decahydronaphthalene.

Regular distfllatlon at 725 mm Hg In still
11A(5{10/48 to 7/12/48), Eea footnotet of tablal,
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Ficure 49. First distillation of 2,8-dihydroindene

{indan).

Regular distillation at 725 mm Hg in stiil 12(5/15/46 to 6/13/45).

O

191

=
o
b4
0000 o
Z
ot
gaac K
o
w
e o
=
z
Rl I
=
o
=
o
Fiaure 48. Second and final distil-
lation of trans-decahydronaphihalene.
Reyular distillation at 725 mm Hg in st
I1A(3/18/48 to 5/10/48). See foatnote ¢ of tahle 1.
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Fieure 50, Second and finol distillation
of 2,3-dihydroindene (indan).

Regular distillation at 725 mm Hg In still 154,
{3/18{48 to £/0048},

WasHinaTON, May 8, 1950.




